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AMERICAN RIVER –LONG TERM
ECONOMIC ANALYSIS

INTRODUCTION

The American River Watershed Project over the last decade has had several reports with a
number of features authorized including the Common Features and Folsom Modifications.  In
this study of the Long Term Project, it is assumed that these features will be completed and be
part of the without project condition.  The purpose of this analysis is to address economic
changes since the 1996 Supplemental Information Report SIR report, define the new without
project damages, and estimate benefits of the remaining array of measures and alternatives.

INVENTORY REVISITED

This section will explain the process used to re-evaluate the structural inventory for the
American River Watershed.  The original inventory was gathered in 1989-1990 for the 1992
Feasibility Report and then later updated for the 1996 Supplemental Information Report (SIR.)
This data was then used as the basis for all damage and benefit estimates found in documents
from 1996 (SIR) to the 1999 Section 566 report.  In accordance with ER 1105-2-100, those
elements that could have the biggest impact on damages and corresponding benefits were given
the focus of this reevaluation.

Changes Since 1996 and 1990

Since 1996, there have been several studies1 performed in the area that indicate that the values
and number of residential structures originally computed in the 1990 inventory may have been
overestimated.  New technologies such as digital databases and GIS were not available in 1989-
1990.  The residential structure count was based on area averages, developing density (number of
units per acre) and using the same relationship throughout the flood plain.  Commercial,
industrial, and public structures were computed on a structure by structure basis and the count
did not seem unreasonable.  But based on the inconsistencies of residential counts, a 100 % new
inventory for residential structures was developed for this study.

Study Area – Economic Reaches

For this re-evaluation, the inventory was grouped geographically into four economic reaches, the
Downtown Area, Rancho Cordova, South Sacramento and North Sacramento (for this analysis
Natomas reach was excluded as the project does not provide benefits for that area.)  The area is
extensive, with about 55,000 acres subject to inundation.  The reaches and extent of the flood
plain can be seen in figure 1.

                                                          
1 South Sacramento Streams 1998, Post Flood Assessment 1999, SAFCA Assessment 2000.
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Residential Inventory

The original flood plains for this study included 100-year and 400-year frequency delineations.
While these frequencies have changed due to new flow-frequency relationships and completed
project elements, the corresponding outflows still would produce similar flooding characteristics
(same depths, area extent, duration) but at less likely frequencies.  The original flood plains were
digitized and used for developing the new inventory utilizing digital parcel data.  The new
inventory represents all residential structures in the flood plain including new development up to
November 1999.  Table 1 shows the number of residential units by area.  The number of
residential structures is about 20 % less than listed in earlier inventories.

Commercial- Industrial-Public Inventory

The updated inventory for the 1996 SIR included the original 1989-1990 inventory plus new
development up to the end of 1994.  This inventory was complete count (without sampling) and
is representative of conditions as of 1994.  The current study was focused on identifying new
structures developed between 1995 and 1999.  These new structures were identified by
comparing changes in land use from the 1995 and 1999 digital parcel databases.  Parcels that
were vacant in 1995 but had improvement values in the new database were verified during field
visitation and added to the inventory.  Additional structures under current construction were also
included.  The total number of new structures added: 84 commercial, 3 industrial, and 10 public
structures.

TABLE 1
NUMBER OF STRUCTURES
BY LAND USE AND REACH

REACH RESIDENTIAL COMMERCIAL INDUSTRIAL PUBLIC TOTAL

DOWNTOWN 21,869                1,610                  47                       383                  23,909                
NORTH SACRAMENTO 12,046                1,229                  29                       303                  13,607                
RANCHO CORDOVA 6,830                  262                     20                       14                    7,126                  
SOUTH SACRAMENTO 64,154                1,528                  77                       513                  66,272                

TOTAL 104,899              4,629                  173                     1,213               110,914              
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Value of Damageable Property

Values were revised using several methods.  All values are listed in October 2000 price levels.
All values represent depreciated replacement values.

Residential Structures

Residential values were determined by comparing cost per square foot method with adjusted
improvement values.  For all residential parcels, the assessed value list was gathered and
adjusted based on year of recording assessment.  This gave a relative value for each and every
structure within the flood plain.  To verify the depreciated replacement values, a sample of 365
individual structures were randomly selected.  Characteristics, such as square footage, type,
class, age and condition were gathered from database, Marshall & Swift Valuation, and field
visitation.  Value was determined as a function of dollar per square foot (by class & type)
multiplied by square footage multiplied by percent of remaining value (total value minus
depreciation.)  This depreciated replacement value was compared to the adjusted improvement
value of the 365 sample structures to determine standard deviation and to verify the values used.
The total depreciated replacement value of the sample was only two percent greater than the total
adjusted improvement value and this percentage adjustment was made to the remaining
residential structures.

Commercial, Industrial, and Public Structures

In contrast to the residential structures (which in the 1990 inventory were based on average
values that were aggregated per acre,) the original inventory had unique values for each
individual commercial, industrial and public structure.  To reevaluate these structures, a sample
consisting of more than two hundred structures from the original inventory were selected. From
this sample the values used the 1996 SIR were compared to new values.  New values were
determined based on square footage, land use, type of activity (retail, office, warehouse, etc.)
construction class, and condition.  Field visitation was performed and data was gathered for each
structure in the sample.  Current values were based on cost per square foot method (similar to the
method used on the residential but with more class and type distinctions for varying land use
activities) and compared to the original values from the 1996 SIR study.  Based on the
summation of the sample, the new values were 5% less than the old values.  As with the
residential sample, the data was used in determining standard deviations and the structure values
were adjusted to represent the 5% difference in value.  New structures were valued at depreciated
replacement value and were added to the inventory.  The values of these structures are displayed
in Table 2

Content Value

Content values were estimated as a percentage of the structure value.  The percentages used were
the same as used in the original study.  For residential structures, a fifty percent content to
structure ratio was used.  For commercial, industrial, and public the content to structure ratio
ranged from 24% to 209% depending the different land uses and activities.  For new structures,
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land use and activity categories were identified and assigned content percentage.  The values of
contents are displayed in Table 2.

TABLE 2
VALUE OF DAMAGEABLE PROPERTY

VALUES IN MILLIONS, OCTOBER 2000 PRICES

LAND AREA REACH
USE DOWNTOWN NORTH RANCHO SOUTH TOTAL

SACRAMENTO CORDOVA SACRAMENTO

RESIDENTIAL
        STRUCTURE 2,050$               1,605$               945$                  5,588$               10,188$             
        CONTENT   1,025$               802$                  473$                  2,795$               5,095$               
COMMERCIAL
        STRUCTURE 1,440$               1,221$               351$                  1,740$               4,752$               
        CONTENT   1,628$               1,379$               402$                  1,980$               5,389$               
INDUSTRIAL
        STRUCTURE 23$                    14$                    25$                    154$                  216$                  
        CONTENT   25$                    14$                    27$                    160$                  226$                  
PUBLIC
        STRUCTURE 904$                  285$                  22$                    871$                  2,082$               
        CONTENT   377$                  121$                  17$                    456$                  971$                  

TOTAL 7,472$               5,441$               2,262$               13,744$             28,919$             

FLOOD INUNDATION DAMAGES

Structural and content damages were estimated based on depth of flooding and depreciated
replacement value.  Depth damage relationships were used to determine the percent of value
damaged at a given depth.  Depth damage relationships were the same as used in the original
study (based primarily on FEMA and TVA curves and verified by other studies.)  Uncertainties
in structure and content values, first floor elevation, and percent damaged were used in Monte
Carlo simulation. These damage relationships (with uncertainty) were estimated for the original
non-damaging, the original 100 and 400-year flood plains.  The other damage points were
interpolated from the original EAD data.  Damages to structure and content represent over 95%
of the total damages.  The other minor damage categories, such as autos, roads and emergency
costs, were updated by price indexing and adjusted based on the change in residential structure
counts and occupancy.

Stage-Damage Curves

Damages for each category were determined and grouped by the original frequencies used.
Damage estimates were then tied to stage (linked by the original flow-frequency relationship) for
entry into the MONTE program.  The combined stage frequency curve, with uncertainty, is
displayed in Table 3 below.  The original stage-damage curves had zero dollar damages below
43 feet.  This is based on the condition that the levees would not fail below this stage.  Since
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then, a series of levee improvements have brought the zero dollar damage point up to a series of
higher stages.  In the MONTE program, the PNP (probable non-failure point) determines the
stage where damages first occur.  With construction completed from the Common Features
project, the PNP equals 49 feet under without project conditions for this study (damages would
be zero for all stages below 49 feet.)

TABLE 3
STAGE-DAMAGE CURVE 

Damages in $ Millions, October 2000 Prices

Stage Damage Category Total Standard 
in feet Residential Commercial Industrial Public Other Damages Deviation

43.60 3,384           1,021           14                453            26            4,898$     763$      
49.33 4,058           1,435           32                585            245          6,355$     788$      
55.50 4,769           2,620           133              864            355          8,741$     952$      
63.30 5,525           3,253           158              991            457          10,384$   1,025$   
67.20 6,255           4,288           195              1,205         627          12,570$   1,054$   
68.00 6,365           4,454           199              1,236         627          12,881$   1,084$   

Future Economic Conditions

In the 1996 SIR, future growth within the flood plain was projected out to the study base year,
which was 2008.  Excluding Natomas, new damageable structures were limited to the fringe
areas to the south and east.  In the 1996 study, damages were projected to increase by less than
1.1 percent per year and only for events beyond the 100-year.  To verify the growth, damages
from structures built from 1995 to 1999 were compared with the total inventory.  Based on these
findings, damages would not increase due to new growth by more than 0.8 percent per year.  The
original growth estimates were incorporated with the new growth data to update stage-damage
curves (Table 4) up to year 2010.  By this date the area within the flood plain should reach full
build out.  Damages under future conditions were estimated and evaluated over the period of
analysis to determine average annual equivalent damages.  Average annual equivalent benefits
are listed in Table 13, and are based on a 2009 to 2058 period of analysis, October 2000 prices,
and 6 3/8 % discount rate.
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TABLE 4
STAGE DAMAGE CURVES FOR LOWER AMERICAN  REACHES

OCTOBER 2000 PRICE LEVELS
DAMAGES IN $MILLIONS

STAGE @  43.6 49.33 55.5 63.3 67.2 68

INDEX #7 +

2000  $4,898 $6,355 $8,741 $10,384 $12,570 $12,881

2001  $4,898 $6,355 $8,785 $10,457 $12,671 $12,984

2002  $4,898 $6,355 $8,815 $10,530 $12,766 $13,081

2003  $4,898 $6,355 $8,846 $10,604 $12,861 $13,180

2004  $4,898 $6,355 $8,877 $10,678 $12,951 $13,272

2005  $4,898 $6,355 $8,908 $10,753 $13,042 $13,365

2006  $4,898 $6,355 $8,940 $10,828 $13,133 $13,458

2007  $4,898 $6,355 $8,962 $10,882 $13,199 $13,526

2008  $4,898 $6,355 $8,984 $10,936 $13,265 $13,593

2009  $4,898 $6,355 $9,007 $10,991 $13,331 $13,661

2010  $4,898 $6,355 $9,029 $11,046 $13,398 $13,729
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Pre- Project Conditions – Completion of Folsom Modifications and Common Features

Since the original 1992 Feasibility Report, several project features have been either constructed
or authorized.  In WRDA 1996 and WRDA 1999, several improvements were authorized to
reduce flood damages.  These included levee improvements and gages under the Common
Features, and changes to the dam outlets under the Folsom Modifications.  The without project
condition for the Long-Term study includes the completion of these elements.  Separate reports
were completed to evaluate the benefits for both the Common Features and the Folsom
Modification projects.  Tables 5 and 6 show the progression of damage reduction for the
increments of these prior projects and how they would compare to proposed measures in this
report.

Without Project Conditions – Advance Release from Folsom Dam

When the Folsom Modifications Project is completed in 2007, the additional outlet capacity at
Folsom will allow for changes in flood management operations.  One of these changes involves
the ability to make advance releases based on weather forecasts.  The affect of advance release is
to create additional flood space within Folsom Lake by temporarily encroaching into the water
supply space.  This space is then replenished as the flood risk diminishes.  The without project
limit of this advance release is dependent upon the ability to replace this storage thus not causing
adverse impacts to water supply, recreation, hydroelectric and related uses.  A detailed
discussion of the Advance Release operations can be found in Chapters 3 & 5 of the main report.

The level of storage available from this operation is dependent on many factors, with the primary
being the duration of the advance releases prior to the peak.  The range of storage is varied based
on assumptions for both operations and forecasts.  For this study, it was determined for economic
evaluation purposes that a reasonable range of effective storage could be as low as zero
additional acre feet to 190,000, with the most likely available storage around 100,000 acre feet.
The without project condition includes, in addition to the completion of the Common Features
and Folsom Modification projects, this advanced release scenario which is identified as the
Moderate Advanced Release in the main report.

Note: For sensitivity analysis in the main report, conditions were based three possible future
outcomes.  The most likely without project condition includes the moderate advanced release and
was the basis for the economic analysis.  Two other possible conditions are no advanced release
and a maximum advanced release (100,000-190,000-240,000 range.)  Summary results of these
other two possible conditions in comparison with the without project condition can be found for
each alternative in Chapter 5 of the main report.
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Expected Annual Damages

Annual damages were estimated using the MONTE program.  The stage-damage curve listed in
this appendix was entered along with flow-frequency, inflow-outflow, and stage-flow curves.  In
addition to these relationships, potential levee failure was estimated based on PNP (probable
non-failure points at 15% probability of failure) and PFP (probable failure points at 85%
probability of failure) and was incorporated in the program.  Project element accomplishments
were then simulated by changing either the inflow-outflow curve (for dam improvements) or the
PNP/PFP stages (for levee improvements.)  Tables 7 & 8 show expected annual damages (EAD)
by damage area reach and by damage category.  Detailed results from Monte Carlo simulation
are described in the next section.

Table 7
Expected Annual Damages by Reach
Existing Without Project Conditions

Values in $ Millions, October 2000 Prices

Damage Area Reach Expected Annual Damages Percent of Total Study
Downtown $17.69 26 %
North Sacramento $13.38 20 %
Rancho Cordova $ 4.40 7 %
South Sacramento $31.82 47 %

Total Study Area $67.29

Table 8
Expected Annual Damages by Category

Existing Without Project Conditions
Values in $ Millions, October 2000 Prices

Damage Category Expected Annual Damages Percent of Total
Residential $34.74 52 %
Commercial $21.95 33 %
Industrial $ 1.01 1 %
Public $ 6.46 10 %
Other Damages $ 3.13 4 %

Total Damages $67.29

BENEFIT ESTIMATION

Alternatives Considered in Benefit Estimation

For the economic analysis, a number of alternatives were considered that provided flood
reduction benefits beyond the currently authorized Folsom Modifications and Moderate
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Advanced Release.  These include three Folsom Raise plans, three Stepped Release plans, a
Combination Stepped Release with Folsom Raise plan, and one moderate sized Detention Dam
near Auburn, California.

The Raise Folsom Dam plans provide additional flood damage reduction by increasing the flood
storage pool.  The difference between the three Raise Folsom plans can be described by flood
pool elevation.  The first is a 3.5-foot physical raise that will increase the flood pool to an
elevation of 478-feet (listed in the tables as Raise Folsom @478 Pool El.)  The second is a 7-foot
physical raise that will allow the flood pool to be raised to 482-feet (listed in the tables as Raise
Folsom @482 Pool El.)  The final is the largest, a physical raise of 12-feet providing a flood pool
of 487-feet (listed in the tables as Raise Folsom @487 Pool El.)

The Stepped Release plans are designed to increase the objective release from Folsom Dam in
operational steps to provide additional flood damage reduction while minimizing downstream
impacts.  The difference between the three Stepped Release plans is the final step objective
release and timing of the steps.  The first is the Stepped Release of 145,000-160,000 cubic feet
per second (listed in the tables as Stepped Rel @ 160K cfs.)  Under this plan Folsom would be
operated to step from 115,000 to 145,000 cubic feet per second (cfs,) matching reservoir inflow,
and then stepped to a maximum objective release of 160,000 cfs.  The second is the Stepped
Release of 145,000-180,000 cfs (listed in the tables as Stepped Rel@ 180K cfs.)  This plan is
similar to the first plan but with the maximum objective release of 180,000 cfs.  This plan also
requires more Lower American levee improvements and bridge raises.  The third is the Early
Stepped Release of 145,000-160,000 cfs (listed in the table as Step. Rel@ 160K + New Outlets.)
This plan is similar to the first except the first step would be possible at 145,000 cfs due to the
addition of new low level outlets.

Another alternative (listed in the tables as COMBO – SR @ 160 + RF @ 482) combines the
Stepped Release @ 160,000 cfs with the Folsom Raise @ 482-feet.

These alternative are identified in the main report by the following identifiers:

Alternative 1:  No Action  (without project)

Alternative 2:  3.5-Foot Dam Raise/478-Foot Flood Pool Elevation

Alternative 3:  Seven-Foot Dam Raise/482-Foot Flood Pool Elevation

Alternative 4:  Twelve-Foot Dam Raise/487-Foot Flood Pool Elevation

Alternative 5:  Stepped Release to 160,000 cfs

Alternative 6:  Stepped Release to 160,000 cfs and New Outlet at Folsom Dam

Alternative 7:  Stepped Release to 180,000 cfs

Alternative 8:  Stepped Release to 160,000 cfs and Seven-Foot Dam Raise/482-Foot Flood

Pool Elevation
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The final project analyzed in this section (listed in the tables as Detention Dam 545,000 ac ft.)  is
a size variation of the originally proposed Detention Dam near Auburn, which was determined to
be the NED plan in both the 1992 Feasibility and the 1996 SIR reports.  This dam plan, at
545,000 acre-feet of flood storage, is smaller than the 894,000 acre-feet dam selected in the 1996
SIR.  While the Detention Dam is not one of the alternatives considered for selection in the main
report, its significance in reference to National Economic Development (NED) is discussed in
chapter 10.

With Project Damages

Expected annual damages were estimated based on with and without project conditions.  The
most likely without project condition includes adding the Moderate Advanced Release once the
Folsom Modifications project has been completed.  Changes were made to the inflow-outflow
relationship or to the PNP and PFP to simulate project conditions for the array of alternatives
considered.  The difference between the without project and with project damages represent the
benefits attributable to the given alternative.  These differences can also be represented by
damages at various frequencies, expected annual damages and by other performance factors.
Results of the Risk-Based analysis of the without project and with project can be found in Tables
9 to 13.

Description of Tables

Table 9 shows the derived frequency damage relationships taken from the MONTE program.
These tables show how damages are reduced for the various alternatives at different frequencies.
Damage reduction can be seen as full reduction to zero for some frequencies and a reduction in
magnitude for other frequencies.

Long-term risk is described in Table 10 as the probability of a one-time exceedance over time.
These tables show the probability of having a flood event over a 10-year, 25-year, and 50-year
period.  This table is useful in determining the chance of damage over the length of a loan or
remaining structure life.

Table 11 displays the project performance of each alternative.  Sometimes described as
reliability, this table gives the probability of non-levee failure (probability of no damages) for
events raging from the 2% to 0.25% chance occurrence.

Table 12 displays the following: Probable Exceedance, Expected Annual Damages (EAD)- under
existing and future economic conditions, and Percent Reduction in EAD for each alternative.
The probable exceedance is the chance of levee failure or incurring damages in any given year.
EAD represents the average damages in any given year and is determined by integrating the
derived probability damage function.

Table 13 lists the Average Annual Equivalent Benefits for each alternative.  These are
determined by discounting future damages for each condition over the period of analysis at the
current discount rate of 6 3/8 %.  For this study, because almost all of the future growth is in
place by the base year of analysis, the average annual equivalent damages are almost the same as



14

the future year 2010 damages.  Benefits are then just the difference between the without project
and the with project average annual equivalent damages.

Summary of Flood Damage Reduction Benefits

Average annual benefits derived from flood damage reduction, vary greatly based on which
alternative is eventually selected.  The stepped release at 160,000 cfs, would provide the least
economic benefit of all the alternatives (about $6 average annual benefits with the
implementation of advanced release.)  The detention dam would provide the highest benefits,
providing more than $ 47 million in average annual benefits during the period of analysis.

Economic optimization of alternatives is based on efficiency, measured by maximizing net
benefits. Discussion of project costs, net benefits and benefit-cost ratios for each alternative can
be found in the next section of this appendix and in Chapter 8 of the main report.
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BENEFIT COST SUMMARY

The following section will explain how benefits and costs were allocated for flood damage
reduction for the eight alternatives considered in the main report and a version of the detention
dam at Auburn (the NED plan in the 1991 and 1996 reports.)

ADDITIONAL BENEFIT CATEGORIES

Several of the proposed alternatives provide additional economic benefits besides those listed in
the tables above.  These additional benefits are either realized outside the period of analysis or
are not directly related to flood damage reduction.

Benefits prior to Base Year

In the 1996 SIR, there were several measures that reduced flood damages prior to the base year
(during the construction period.)  For this study, only the detention dam will contribute benefits
prior to the base year in 2009.  These benefits will occur for two reasons.  First, during
construction as the dam will begin to allow for partial storage capacity. Second, the dam can be
completed in a shorter time period.  The other alternatives in this study will not be operational
until the base year.  When these benefits are amortized over the 50-year period of analysis, the
detention dam will provide an additional $ 8.6 million in average annual benefits.  This will
bring the total benefits directly attributable to flood damage reduction to $ 55.9 million.

Advanced Replacement of the Spillway Bridge

With the various alternatives that include dam raises, the spillway bridge will be replaced earlier
than under without project conditions.  The cost savings of the advanced spillway bridge
replacement was estimated at $ 0.2 million.  This benefit is attributable to alternatives 2, 3, 4 and
8.

Savings in Folsom Modification Project Costs

The dam raise alternatives also provide a potential savings in costs required to complete the
Folsom Modification project.  The surcharge storage increment to Folsom Modifications would
not be needed to provide this benefit.  The reduction in annual costs would translate to a $ 3.1
million benefit for alternatives 2, 3, 4 and 8.

Advanced Bridge Replacement

Two of the projects analyzed in this report provide additional benefits in the form of advanced
bridge replacement. Similar to the spillway replacement for the dam raise alternatives, the cost
savings of early replacement the Howe Avenue Bridge would provide a $ 1.0 million benefit for
alternative 7.  The second project providing advanced bridge replacement would be the
Detention Dam at Auburn. Based on the updated estimates from the 1996 SIR report, replacing
the Highway 49 bridge would contribute $ 1.5 million in benefits to the Detention Dam.
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Resource Replacement

Completion of the Detention Dam would allow for reoperation of Folsom Dam back to the
original fixed 400,000 acre feet of flood space.  This removal of the 400,000 to 600,000 ac. ft.
variable space operation provides the opportunity for benefits in the form of water supply and
hydro-electric power restored to levels prior to reoperation.  Based on local sponsor estimated
updates of the 1996 SIR report, these benefits would be around $ 12 million for the Detention
Dam.

COST ALLOCATION BY USE

Probable Maximum Flood- Dam Safety as a Project Purpose

Alternatives 2, 3, 4, and 8 require significant changes to the existing dam at Folsom. For these
alternatives, the proposed project must satisfy an additional purpose beyond flood damage
reduction. Currently Folsom Dam cannot safely pass the probable maximum flood. Projects that
significantly alter Folsom are required to address this dam safety issue. Under current without
project conditions, the least costly project that would satisfy the dam safety issue would be
similar to alternative 2 (Dam Raise to 478 foot pool.)  Total annual costs of this project would
include the $ 12.1 million required for the single purpose of flood damage reduction plus an
additional $ 0.6 million to correct the spillway at L.L. Anderson Dam (detailed discussion can be
found in Chapter 5 of the main report.)

So in addition to flood damage reduction, alternatives 2, 3, 4, 8 and the detention dam at Auburn
all satisfy a second purpose of dam safety. For the economic benefit-cost analysis, the Separable-
Costs-Remaining-Benefit (SCRB) method was used to allocate costs for multiple purposes. The
SCRB for all five are shown in Tables 14 to 18.
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Table 14
Separable Costs – Remaining Benefits

Alternative 2
3.5-Foot Dam Raise/478-Foot Flood Pool Elevation

All Values in $ Millions, October 2000 Prices

ITEM Flood Damage
Reduction

Dam Safety Total Project

Allocation of Annual Costs by Use
a.) Average Annual Benefits
(by use)

8.9 12.7

b.) Alternative Costs
 (single purpose)

12.1 12.7

c.) Limited Benefits 8.9 12.7

d.) Separable Costs 0.0 0.6

e.)Remaining Benefits
       (1) Amount 8.9 12.1
       (2) Percent of Total 42.4 % 57.6 %
f.) Allocated Joint Costs 5.1 7.0
g.) Total Allocated Costs
(by use)

$ 5.1 $ 7.6 $ 12.7
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Table 15
Separable Costs – Remaining Benefits

Alternative 3
Seven-Foot Dam Raise/482-Foot Flood Pool Elevation

All Values in $ Millions, October 2000 Prices

ITEM Flood Damage
Reduction

Dam
Safety

Total
Project

Allocation of Annual Costs by Use
a.) Average Annual Benefits
(by use)

15.6 12.7

b.) Alternative Costs
 (single purpose)

12.8 12.7

c.) Limited Benefits 12.8 12.7

d.) Separable Costs 0.1 0.6

e.)Remaining Benefits
       (1) Amount 12.7 12.1
       (2) Percent of Total 51.2 % 48.8 %
f.) Allocated Joint Costs 6.5 6.2
g.) Total Allocated Costs
(by use)

$ 6.6 $ 6.8 $ 13.4
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Table 16
Separable Costs – Remaining Benefits

Alternative 4
Twelve-Foot Dam Raise/487-Foot Flood Pool Elevation

All Values in $ Millions, October 2000 Prices

ITEM Flood Damage
Reduction

Dam
Safety

Total
Project

Allocation of Annual Costs by Use
a.) Average Annual Benefits
(by use)

19.7 12.7

b.) Alternative Costs
 (single purpose)

23.5 12.7

c.) Limited Benefits 19.7 12.7

d.) Separable Costs 10.8 0.6

e.)Remaining Benefits
       (1) Amount 8.9 12.1
       (2) Percent of Total 42.4 % 57.6 %
f.) Allocated Joint Costs 5.4 7.3
g.) Total Allocated Costs
(by use)

$ 16.2 $ 7.9
$ 24.1
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Table 17
Separable Costs – Remaining Benefits

Alternative 8
Stepped Release to 160,000 cfs and Seven-Foot Dam Raise/482-Foot Flood

All Values in $ Millions, October 2000 Prices

ITEM Flood Damage
Reduction

Dam
Safety

Total
Project

Allocation of Annual Costs by Use
a.) Average Annual Benefits
(by use)

19.9 12.7

b.) Alternative Costs
 (single purpose)

27.0 12.7

c.) Limited Benefits 19.9 12.7

d.) Separable Costs 14.3 0.6

e.)Remaining Benefits
       (1) Amount 5.6 12.1
       (2) Percent of Total 31.6 % 68.4 %

f.) Allocated Joint Costs 4.0 8.7
g.) Total Allocated Costs
(by use)

$ 18.3 $ 9.3 $ 27.6
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Table 18
Separable Costs – Remaining Benefits

545,000 ac ft Detention Dam at Auburn
All Values in $ Millions, October 2000 Prices

ITEM Flood Damage
Reduction

Dam
Safety

Total
Project

Allocation of Annual Costs by Use
a.) Average Annual Benefits
(by use)

55.9 12.7

b.) Alternative Costs
 (single purpose)

58.7 12.7

c.) Limited Benefits 55.9 12.7

d.) Separable Costs 46.0 0.6

e.)Remaining Benefits
       (1) Amount 9.9 12.1
       (2) Percent of Total 45.0 % 55.0 %
f.) Allocated Joint Costs 5.4 6.7
g.) Total Allocated Costs
(by use)

$ 51.4 $ 7.3 $ 58.7

Benefit Cost Analysis

For each of the alternatives considered, net benefits were estimated for the sole purpose of flood
damage reduction and for the project in total.  Note that non-monetary benefits such as those
inherent in dam safety and ecosystem restoration were not included in the economic benefit
calculations.  Net benefits are measured as the difference between annual benefits and annual
costs.  Maximizing net benefits determines the optimal plan.  This measure of economic
efficiency is used to establish the National Economic Development or NED plan.  Both costs and
benefits are expressed in annual equivalents at October 2000 price levels, using a 6 3/8 %
interest rate, over a 50-year period of economic analysis.  The summary of benefits and cost can
be seen in Table 19 below. Flood damage reduction net benefits are greatest for Alternative # 3,
Seven-Foot Dam Raise/482-Foot Flood Pool Elevation while total net benefits are greatest for
the Detention Dam.
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Table 19
Benefit – Costs Analysis for Each Alternative

Values are in $ Millions, October 2000 Prices, Discount Rate of 6 3/8 %

Item Alt. # 2 Alt. # 3 Alt. # 4 Alt # 5 Alt # 6 Alt. # 7 Alt. # 8 545k Dam

Flood Damage Reduction
      Period of Analysis 8.9 15.6 19.7 5.7 8.6 10.8 19.9 47.3
      Prior to Base Year 0 0 0 0 0 0 0 8.6
Total Flood Damage
Reduction

$ 8.9 $ 15.6 $ 19.7 $ 5.7 $ 8.6 $ 10.8 $ 19.9 $ 55.9

Replacement Spillway Bridge 0.2 0.2 0.2 0 0 0 0.2 0
Savings- Folsom Mods Costs 3.1 3.1 3.1 0 0 0 3.1 0
Adv. Bridge Replacement 0 0 0 0 0 1.0 0 1.5
Resource Replacement 0 0 0 0 0 0 0 12.0
Total Monetary Benefits $ 12.2 $ 18.9 $ 23.0 $ 5.7 $ 8.6 $ 11.8 $ 23.2 $ 69.4

Benefit Cost Analysis – Flood Damage Reduction
Annual Costs – FDR
Allocation

$ 5.1 $ 6.6 $ 16.2 $ 14.0 $ 16.0 $ 15.4 $ 18.3 $ 51.4

Net Benefits – Flood Damage
Reduction

$ 3.8 $ 9.0 $ 3.5 -8.3 -7.4 -4.6 $ 1.6 $ 4.5

B/C Ratio - FDR 1.75 2.36 1.22 0.41 0.54 0.70 1.09 1.09
Benefit Cost Analysis –Total Project

Annual Costs – Total Project $ 12.7 $ 13.4 $ 24.1 $ 14.0 $ 16.0 $ 15.4 $ 27.6 $ 58.7
Net Benefits – Total Project -0.5 $ 5.5 -1.1 -8.3 -7.4 -3.6 -4.4 $ 10.7
B/C Ratio – Total Project 0.96 1.41 0.95 0.4 0.5 0.77 0.84 1.18
Note:  Table does not include any non-monetary benefits such as dam safety or ecosystem restoration.
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